Rutting occurs due to accumulation of incrementally small permanent deformations from each load application and it can cause irreparable problems in pavements. On the other hand, the Marshall Mix design which is known as the main method in Iran, the lack of a simple test to determine specimen resistance to permanent deformation as the major reason for asphalt rutting is noticeable. Although today many devices are used for rutting measurement, none of them have the ability to use in wider field. In addition, prevalent methods of evaluating rutting potential are usually costly and time consuming. Mentioned parameters illustrate the necessity of developing a simple method, not only having fine precision, but also are able to predict rutting performance with low cost in the short term in laboratory. In this research, after performing the main tests on specimens, IDT test results and Marshall Parameters were used to develop a mathematical model to estimate specimen rut depth. The model is validated by using ANN and makes it possible to evaluate mixtures rutting potential while OBC is being determined in laboratory. So not only is there no need to use expensive instruments of rutting test, but also a remarkable time saving in mix design procedure is achievable.
INTRODUCTION
Rutting is one of the major distress mechanisms in flexible pavements. Because of the increase in tire pressure and axle loads in recent years, rutting has become the dominant mode of failure of flexible pavements in many countries (Al-Khateeb et al. 2018 , Radhakrishnan et al. 2019 . Rutting is a longitudinal surface depression in the wheel path accompanied, in most cases, by pavement upheaval along the sides of the rut. Significant rutting can lead to major structural failure and reduces serviceability and creates the hazard of hydroplaning because of accumulated water in the wheel path ruts, which is a safety hazard (Mamlouk et al. 2018 , Wang et al. 2017 ).
Problem Definition
Generally, there are three causes of rutting in asphalt pavements: Permanent reduction in mixture volume (subgrade consolidation), Permanent movement of the material at constant volume (plastic deformation), and wear of pavements caused by studded tires and car chains (surface layer abrasion). In addition, a combination of the first and second reasons could be the cause of rutting (Mamlouk et al. 2018) . Nevertheless, the Surface permanent deformations have the most shares among various rutting causes ((TRI) 2010). In the past, subgrade deformation was considered to be the primary cause of rutting and many pavement design methods applied a limiting criterion on vertical strain at the subgrade level. However, recent research indicates that most of the rutting occurs in the upper part of the asphalt surfacing layer, so considering it in mix design procedure seems essential (Mamlouk et al. 2018 , Du et al. 2018 . The rate and magnitude of rutting depend on external and internal factors. External factors include load and volume of truck traffic, tire pressure, temperature, construction practices and compaction. Internal factors include properties of the binder, the aggregate and mix properties, and the thickness of the pavement layers. Rehabilitation of rutted pavement usually involve asphalt concrete (AC) overlay, recycling, or replacement of all structural layers (Mamlouk et al. 2018 , Ziari et al. 2019 . Different researches used various methods to evaluate asphalt mixtures rutting potential.
Dynamic creep test is used widely in Finland, Sweden and Australia while LCPC1 wheel trucker is used more in Austria, France, Hungary, Romania and Switzerland. Hamburg Wheel Tracking Device and Georgia Loaded Wheel Tester are used for rutting performance evaluation in many countries in the world (Ziari and Divandari 2013) . Wheel Trucker applies wheel cyclic load to the specimen and the rut depth is recorded after 8000 cycles in a specific temperature. It is proofed that rut depth is related to specimen shear strength inversely. Although it is a simple test, it is time consuming and the instrument used for loading is expensive. So developing a method to determine asphalt mixture shear strength in less time with cheaper equipment seems necessary (Ziari et al. 2012 ).
Rutting Mechanisms
Rutting types and mechanisms of its occurrence can be classified as follows:
Rutting due to bottom layers' consolidation (weak subgrade): This phenomenon usually occurs in the early life of the pavement due to layers' congestion caused by heavy traffic (Liao, Wang, and Shi 2018) . The main cause of this type of rutting is the weakness of underlying base or subgrade layers (Mamlouk et al. 2018 ). Such rutting is usually wide and has a width of 0.75 to 1.0 meter. The other characteristics of this type of rutting are V shaped section with low depth and without crack. According to figure 1, in this rutting, against the thickness of asphalt layers that remained relatively constant, the thickness of bottom layer is changed (Mamlouk et al. 2018 , Du et al. 2018 . Figure 1 . Rutting due to bottom layers consolidation (weak subgrade) (Inzerillo et al. 1995) Rutting in asphalt layer due to lack of shear strength: This type of failure is resulting due to displacement or lateral movement of material in effect of cutting from the vehicles tire and essentially caused by the lack of shear strength in asphalt layer. This rutting has W shaped section by smooth surface and usually one or more boundary formed at the bottom of this rut and in the space between the wheels by small bumps. As shown in figure 2, Shear deformation occurs with no change in volume, reduction volume of pavements material under the tires is approximately equal with the increased volume of the raised lateral areas. Figure 2 . Rutting in asphalt layer due to lack of shear strength (Inzerillo et al. 1995) Rutting due to studded tire wear (surface layer abrasion): This type of rutting is caused by ribbed tires motion (with studded tire and chains) on pavement in winter and the major reason of its creation is weak resistance of asphalt mixtures. Figure 3 illustrates rut depth is measured in the deepest part of the rutting by ruler and screed. 
Research Subject Importance
In recent years, increasing intensity and expanse of permanent deformation create concerns about the effect of this failure on the asphalt pavements performance. This deterioration reduces serviceability and increases the effects of moisture and freezing hazard due to hydroplaning in the wheel path rutting. In addition, this phenomenon causes bleeding, during that bitumen rises to pavements surface and by reducing friction can lead to traffic accidents (Ziari and Divandari 2013 , Zhang et al. 2019 , Shafabakhsh et al. 2018 . The other effects of rutting are the pavement drainage capacity reduction, make moisture based deterioration growing rate faster, pavement thickness decrease in rutted zone and finally increase fatigue cracking in flexible pavements (Zhang et al. 2019 , Al-Khateeb et al. 2018 . Mentioned parameters introduce rutting as an expensive flexible pavement deterioration mechanism Divandari 2013, Yi, Wang, and Zhou 2011) . On the other hand, the Marshall mix design which is known as the main method of asphalt mix design in Iran, the lack of a simple test to determine specimen resistance to permanent deformation as the major reason for asphalt rutting is noticeable (Ziari et al. 2012) . Although today many devices used for rutting measurement, none of them have the ability to be used in wider field. In addition, prevalent methods of evaluating rutting potential of asphalt mixtures are usually expensive and time consuming. Mentioned parameters illustrate the necessity of developing a simple method, not only having fine precision but also, are able to predict specimens rutting performance with low cost in the short term in laboratory.
Literature Review
Lack of a simple test to evaluate asphalt mixtures performance caused validated research centers such as NCHRP2, FHWA3, FAA4
and State Highway Agencies to sponsor projects with the objective of developing test methods and procedures which can be readily implemented to evaluate the rutting potential of mixtures (McGarvey et al. 2010, Parsons, Kazmee, and Garg 2017) . Several projects were initiated by the NCHRP to study the issue of a simple performance test for permanent deformation evaluation of asphalt mixtures. One of these projects, NCHRP Project 9-16, examined the use of properties available from the SUPERPAVE gyratory compactor (SGC) during the compaction process. The research was based on the hypothesis that some property of the asphalt mixture available during compaction in the SGC was related to the rutting resistance of the mix. The research found that properties during SGC compaction, such as compaction slope (K), appeared to be somewhat related to aggregate characteristics (gradation, particle shape or texture and angularity) but, were insensitive to asphalt binder characteristics such as asphalt binder content and grade (stiffness) (Anderson 2002) .
In a separate study of simple performance testing, the Pennsylvania Transportation Institute (PTI) and Advanced Asphalt Technologies (AAT) discovered that the indirect tensile strength of an asphalt mixture was related to mixture cohesion in the Mohr-Coulomb failure theory and thus according to equation 1 was related to rutting potential:
τ= σ tan (f)+c (1) where: τ is Shear Stress (K. Pa), σ is Normal Stress (K. Pa), C is Cohesion (K. Pa) and f is Angel of Internal Friction (degrees).
Anderson in 2002 applied the Mohr-Coulomb theory of material behavior to the evaluation of the rutting potential of HMA5 (Anderson 2002) . Also Anderson et al in 2003 , examines the use of indirect tensile strength (IDT), volumetric parameters such as voids in mineral aggregate (VMA) and SUPERPAVE Gyratory Compaction (SGC) properties to predict rutting potential of an asphalt mixture. In this research, indirect tensile strength was the indicator of cohesion and compaction slope parameter was the indicator of the internal friction of asphalt mixtures (Anderson, Christensen, and Bonaquist 2003) . Following Anderson's laboratory research about evaluate rutting potential of asphalt mixtures, the new research similar to Anderson's principles and methods, but with a little difference created by Zaniewski and Srinivasan in 2004 . This research was based on the hypothesis that the rutting potential of asphalt mixtures evaluated from APA6 is governed by three main parameters, compaction slope, VMA and IDT strength (Zaniewski and Srinivasan 2004) . The major difference between these researches was the equipment and devices that used for evaluating asphalt mixtures rutting. Anderson used RSCH7 to estimate the rutting potential, which is sophisticated and expensive, but in recent researches used APA. APA is widely available in the industry for evaluating the rutting potential of asphalt mixtures. The main target of this research was examined the use of using indirect tensile strength test to predict rutting potential of HMA and extend Anderson's work to use simple tests and equipment readily available in industry and field level of Iran.
RESEARCH TARGETS & ASSUMPTIONS

Research Targets
According to Anderson's research in 2003 which provides a simple method for the evaluation of asphalt mixtures rutting, an important point to be noted in this context is that the tools and equipment that used by Anderson for evaluating asphalt mixtures rutting are not readily available in industry and field level especially in Iran.
Therefore, the main point of this research was to examine the use of indirect usage tensile strength test and Marshall Parameters to predict rutting potential of hot asphalt mixtures and extend Anderson's work to use simple tests and equipment readily available in industry and field level of Iran. The presented model measuring mixture rutting resistance by using the combination of indirect tensile strength test results and Marshall Parameters. With this assumption that indirect tensile strength was the indicator of cohesion and Marshall Parameters was the indicator of the internal friction of asphalt mixtures. The model is validated by using Artificial Neural Network and made it possible to evaluate mixture rutting potential while optimum asphalt content is being determined in laboratory. So not only is there no need to use expensive instruments of rutting test but a remarkable time saving in mix design procedure is achievable.
Research assumption
In addition to the general assumptions that will be discussed in their turn, the main assumption is that the combination of indirect tensile strength test results and Marshall Parameters could be considered a suitable criterion for evaluating rutting of asphalt mixture specimens. This parameter was studied in this research under 40°C temperature. Also two variables are used to enhance the application of research results that include: Bitumen Type and Different Bitumen Content.
METHODOLOGY AND MATERIAL SELECTION
Materials used in this research included: one type of aggregate (calcareous aggregates), one type of gradation (gradation number 4), two types of bitumen (bitumen grade 60-70 & 85-100), and one type of filler (rock powder), which all of them are Iran internal productions. Calcareous aggregates used as consumption aggregate is a sample of Tehran-Chalous Freeway project (21 & 22 Section) and selected in different sizes of sand (0mm-6mm), fine gravel (6mm-12mm), and medium gravel (12mm-19mm). Nowshahr mine rock powder passed from 0.075mm sieve was used as filler in specimen preparation procedure. PI and Hydrometric test results located in standard range either. Bitumen was supplied from Pasargad Oil Company in two types of 60-70 and 85-100.
Aggregates gradation
Among the various proposed gradation in code 234 (Iran Highway Asphalt Paving Code, 2011) , middle range of number 4 continuous gradations were used in this research according to table 1 and also figure 4. 
Bitumen's tests
Preparation asphalt mixture specimens
In this research, used Marshall Mix design method based on the ASTM-D1559 standard to make asphalt mixture specimens and the compaction operation performed by Marshall Compaction hammer with 75 stroke to each side of the cylindrical specimen.
Optimum Bitumen Content Determination: According to this study, that used the middle limit of gradation No.4 and two types of asphalt cement for preparing the specimens, this research has two types of Asphalt Mixture Combination (AMC): a. Type (1) For each asphalt mixture combination, three groups of asphalt mixture specimens with the percentages of bitumen 4%, 4.5%, 5%, 5.5%, 6% and 6.5% and in total 36 specimens were prepared for OBC and finally two optimum bitumen contents were determined as mentioned in table 4. 
Preparation main specimens for tests
To make main specimens, due to various variables, 54 specimens were prepared totally with OBC, 0.5% less and 0.5% more bitumen content as shown in figure 5 . To validate test results 3 specimens were made for each similar condition. This research used three main tests for evaluation asphalt specimen's performance: Marshall, Indirect Tensile Strength and, Wheel Track.
Determining number of specimens for research
According to various variables, exactly 90 specimens were prepared totally with OBC, 0.5% less and 0.5% more bitumen content with Marshall Method.
RESEARCH MAIN TESTS DEFINITION
Wheel track test
Wheel Track test directly used for measuring rutting of compacted asphalt mixture. Prepared cylindrical specimens with Marshall Compactor or gyratory compactor placed under the loading wheel until 700 (k.pa) pressures. Rutting test was performed for each specimen in 40°C and 60 loads per second as loading rate and the rut depth after 8000 cycles were recorded.
Indirect tensile strength test
Indirect tensile strength test uses for tensile strength evaluation and also prediction cracks in the asphalt mixtures. In addition, IDT test assesses moisture sensitivity and fatigue life of asphalt specimens. IDT performance method bases on the ASTM-D4321 standard. This research used Marshall Stability device and modified loading frame for evaluating tensile strength of specimens. As shown in figure 6 , loading application is linear. Also loading speed in this test is 50 mm/min. 
Tests results and analysis
The results of Marshall, Rice, Indirect Tensile Strength, and Wheel Track tests are in next page on table 5.
Preparing laboratory model
Developing a Model Using SPSS8.20 Predicting a variable behavior by using other variable behaviors is the target of regression. It orders to recognize the relation between effective parameters (x) and affected parameters (y) and to ensure a meaningful correlation between variables and finally to estimate a variable, we need (R 2 ). Correlation Coefficient (R 2 ) is a parameter which illustrates a relation between model results and actual results. Two assumptions are considered in regression as H0 and H1: H0: R=0
(2) H1: R ≠ 0 The aim is to reject H0 assumption which sig F change coefficient is used for validation. Whatever this coefficient is less, R 2 meaningfulness is more and so the model is more validated. This coefficient should be less than 0.05 since reliability is considered as 95% in this model (Ziari and Divandari 2013) . Statistical analysis results of 72 data series in SPSS is listed in table 6. 
Validating the model using ann 9
ANN is a simulation of brain nerve and learns, generalization, and decision making power like human's brain. In designing the network, after defining a dynamic the system mechanism, the model is trained and system mechanism is saved in model memory, so this memory is used to estimate new cases. Neural networks have been used in various aspects of pavement engineering such as estimating asphalt dynamic and elasticity modulus (Mansourian, Ghanizadeh, and Golchin 2019, Kaya et al. 2018) , asphalt cement properties effect on asphalt features (Gu et al. 2018) , fatigue cracking prediction (Gong et al. 2019) , and Mixture Compaction Quality Control (Barman et al. 2018) . A neural network is composed from several processors which are called neurons or nodes. Each neuron connected to other neurons with oriented lines has specific weight. Weight shows the amount of information used by network to solve the problem. Neurons are organized in groups called layers. Generally, there are two layers, input layer (to get input data) and output layer (to transfer answers out of network). Other layers between these two layers are called hidden layers. Network input and output layer number depends on dependent and independent variables of the desired relation respectively. The model in this paper has two independent variables and one dependent variable, so the network has two input neurons and one output neuron ( figure 6 ). Figure 7 shows input (I) and output (O) and a hidden neuron structure. B and W parameters could be set up and F function type is selected by designer so the neuron output is desired. Determining B and W for total network is called network training. Network output is compared with actual observations and error is calculated in training process. Coefficients are modified based on this error. Whatever roots mean square error (RMSE) is closer to zero, error is less, so the model is better (Ziari and Divandari 2013) . 
Neural network results for presented model
Considering three neurons in input layer, one in output and using 5, 15, and 30 neurons in median layers, the results were obtained as figure 8 . R 2 were determined as 0.9835 in best structure in validation phase as it is stated in table 10. table 4 , the optimum bitumen content of specimens made by bitumen grade 60-70 (AMC 2) was about 0.2% more than the specimens prepared with bitumen grade 85-100 (AMC 1). The reason of this issue can be the high coverage power of bitumen grade 85-100.
The results of independent variables effect on dependent variable (rut depth)
 Table 5 illustrated that the Marshall Parameters results of specimens that made by bitumen grade 60-70 (AMC 2), except the two volumetric parameters (VMA & VFA), were more than the specimens prepared with bitumen grade 85-100 (AMC 1).  As shown in table 5, indirect tensile strength (T) and vertical deformation (V) resulted from IDT test used Marshall Stabilometer with a modified loading frame. These two parameters had a substantially effect on rutting potential and was selected as an independent variable for the rut depth final model.

According to achieved results, Wheel Track Test and in contrary to the results of the previous studies, average rut depth for specimens prepared with bitumen 60-70 grade is more than bitumen 85-100 grade prepared specimens. The reason will be for used bitumen's properties, especially penetration grade, softening point, ductility, and the cohesion of bitumen.
5.3
The results of rut depth model using wheel track tester  In this model, the positive coefficient for vertical deformation (V) indicated that as the vertical deformation increases, there is an increase in rut depth and a decrease in rutting resistance.

The negative coefficient for Marshall Stability (M) in this model shows that rut depth has an inverse relationship with it, and indicates that as the Marshall Stability increases, the rut depth decreases. As a result, rutting resistance and Marshall Stability have a directs relationship.
 Indirect tensile strength coefficient is positive in the developed model. So specimens with higher IDT strength have more rut depth and low rut resistance.
In contrary to Anderson's results, VMA was not selected as an independent variable for the final equation. Least squares regression with VMA included demonstrated coefficient was not statistically significant.
 Also in this research, the other parameters of Marshall that considered as predictor variables were not selected as an independent variable or determination coefficient for regression model, that include Marshall Flow (F), Marshall Ratio (M/F), Air Voids in Compacted Asphalt Mixture (A), Voids in Mineral Aggregate (V1), and Voids Filled with Asphalt Cement (V2).
Using developed model with a correlation coefficient (R 2 =0.962), the rut depth can be estimated simultaneously during specimen preparation for determining OBC and evaluate rutting index before preparation, so a considerable save will be held in time and costs.
